The heats of decomposition of sodium and potassium chlorate into their respective chlorides have been detcrmined in a bomb calorimcter. The processes may be represented by the eq uations:
Introduction
This in vestigation was carried out in the Thermochemistry Section of the N fl.tional Bureau of Standards, as part of a program currently in progress on the determination of the thermodynamic properties of the "light element" compounds. Although sodium and potassium chlorate are well known, co nsiderfl.ble uncertainty exists in the values of the heats and free energies of formation .
Materials
The sodium chlorate fl.nd potass ium chlorate were reagent-grade materials which were twice recrystallized from water. They were dried at 120°C, groUlld , and stored in a desi ccator over m agnesium perchlorate. Tests [or chloride ion in the recrystallized samples were negative.
The benzoic acid was NBS Standard Sample 39h. Samples of the same material were used for both the calibration and decompo sition experiments.
The oxygen was freed from traces of combustible mat' erials and of carbon dioxide by passing it successi vely though (1) a tube packed with copper oxide and heated to 600°C, and (2) an absorber containing Ascarite. No attempt was made to remove traces of nitrogen.
Units of Energy and Molecular Weights
The unit of energy is the joule; for conversion to the con ventional thermochemical calorie, one calorie is taken as 4.1840 J.
All atomic weights were taken from the 1961 International T able of Atomic Weights [IV 1 Figures in brackets indicate the literat ure references at the end of this paper.
.. Apparatus and Procedure
The calorimeter was of the Dickinson isothermaljacket type which has been previously described [2, 3] . The temperature 0[' the calorimeter jacket was controlled within ± 0.002 °C at about 25°C by means of a thermostat. The calorimeter tempeI:atures were measured by means of a platinum r~sl~tanc~ thermom.eter fl.nd a lVlueller-type bridge; tlmmg of ~he expenments was made by reference to the NBS standard second sign als .
. 'l~he bomb was .of the NBS t win-valve type, slmllar to that which has been described [3] ; its volume was 365.9 ml. It was modified slightly for the N aCIOa and KCI03 decomposition experimell ts in that two crucibles were used, one being mounted about 1 mm directly above t he other. l.'he sam ple of chlorate was weighed into the upper cr ucible while the benz oic acid pell et, approximately 0.5 0.' was weighed into the lower crucible. Igni tion w:~ accomplished by means of an electrically heated iron-wire fuse which was placed in co ntact with the benzoic acid pellet. Care had to be taken to ensure that the iron-wire fuse was not shorted out by con tact with either of the platinum crucibles. One milliliter of water was placed in the bom b, which was then sealed, flushed with oxygen, a nd filled with oxygen to a pressure of 30 atm at 25°C.
The details of the calorimetric procedure have been described [3, 4] . The heat evolved by burning the benzoic acid was sufficient to decompose the N aCIOa and KCIOa samples, leaving a mass of fused N aCI or KCI in the crucible. In each case the combustion products were analyzed, to determine how completely the chlorate had decomposed to the chloride. The total mass of carbon dioxide was determined by collecting the dry gas in a weighed absorption tube co ntaining Ascarite. The material remaining in the bomb was washed into a flask , and the amount of chloride ion determined by titration with standard AgN03, using fluorescein as the indicator [5] . The reaction went to completion, except for two cases indicated in the tables.
The calorimeter system was calibrated by a series of combustion experiments with benzoic acid, NBS Standard Sample 39h. The mass of benzoic acid (about 0.52 g) was chosen because it was sufficient for the N aCl03 and KCl03 decomposition experiments, and it was desirable to duplicate as nearly as possible the initial and final calorimeter temperatures.
Results and Calculations
The results of the calibration experiments with benzoic acid are given in table 1, where f:..Rc is the corrected rise in temperature of the calorimetric system [6] , (as measured on the particular thermometer and bridge), m s is the mass of benzoic acid corrected to weigh in vacuo, qi is the ignition energy from combustion of the iron-wire fuse, and qN is the energy evolved by the formation of nitric acid from traces of nitrogen in the bomb. The quantity WC is the Washburn correction [6, 7] applied here to convert the reactants and products from their thermodynamic standard states into the actual conditions of the bomb process. The quantity f:..e is the deviation in energy equivalent of the actual calorimeter system from that of the "standard" system, which in this instance was taken to include 0.515 g of benzoic acid. W O E . The uncer tain ty in ter vals for the meas ured heats have bee n taken as twice the overall stan dard deviation of the mean , based on the sum of the varia nces from the calibration an d reaction experiments and r easo na ble estimates for other errors.
The heat of form ation of NaCI (c) has been tak en as -98.232 kcal/mole [8] a nd the heat of form ation of KCl (c) h as been tak en as -104. 175 kcal/m ole [8] . F rom these values a nd the heats of decomp osition corresponding to eqs (1) and (2) 
Discussion
The heat of decomposition of KCl03 (c) has been measured by Thomsen T homse n [10] a nd B erthelot [9] determined the h eat of formation of H Cl03(aq) by measu rin g the heat of r eaction of SOz(aq) with HClOa(aq) to form H ZS0 4 (aq)+ H Cl (aq). These data yield ,'alu es of M-Ifo for H Cl03 (a'q)=-32.5 and -27.4 k cal/mole, r espectively. T aking th e heat of neu trali zation of H ClOa(aq) to be the same as that for HN0 3 (aq) (see Thomsen [10] ) and the heat of solu tio n of KCJ03 (c) to be + 9.9 kcal [16] we ob tain -102.5 and -97.4 k cal/mole for the heat of form ation of KCJ03 (c). The res ul ts of the various ifl\restigations on KCIOa are compar ed with presen t work in table 4.
The only m eas uremen ts on NaCIOa(c) ar e those of Vorob 'ev et al. , wh o reported a heat of decomposition of -12.5 kcal/m ole. F r om this we com pu te the heat of formation to be -88 .94 k cal/m ole, whereas the value ob tained here is -87.38 k cal/mole. This agreemen t is well wi thin the un cer tain ties of the various corn bined experimen tal data.
